Introduction
A great deal of emphasis has been placed on the need to be careful about human impact on the world's oceans. International attention is exemplified by targets established by the United Nations 1 in regard to issues such as pollution, marine protected areas, harvesting, and ocean acidification. Elements common to most of the expressed concerns include sustainability and the need to use the best available scientific information for guidance. There has been particular attention paid to harvesting resources at Our approach takes advantage of hodepths greater than observed for most conventional fisheries (e.g., Norse et al., 2012; St. John et al., 2016) . The mesopelagic zone (roughly 200-1,000 m in depth) is often characterized by a fish community including many species of Myctophiids (lanternfish) as well as other fish and invertebratesoften small-bodied species (e.g., krill, Meganyctiphanes norvegica). The overall complexity with which we are confronted in their evolutionary and ecological interactions is beyond conventional treatment (e.g., see : Merrie et al., 2018) ; the lack of holism in conventional approaches to management is pervasive. St. John et al. (2016) cite previous work to indicate that there may be as much as 10 billion metric tons of biomass in mesopelagic communities that could potentially be harvested to help guarantee "sustainable development for our growing human population." Without considering the lack of sustainability for the observed human population, these authors are careful to emphasize the need to bring more holism to any decision. We whole-heartedly agree that holism is imperative, particularly when human participation in ecosystems and the biosphere is in question. We also agree that it is extremely important to bring the best available scientific information to the task-something conventional management fails to do (Fowler et al., 2013) .
With this in mind, we take advantage of holistic normative information (Fowler, 2003 (Fowler, , 2009 Fowler et al., 2013) to show that harvesting mesopelagic biomass, at depths where it is found, would be abnormal (and therefore unsustainable) for mammalian species of our body size. This deals with depth directly. As a large-scale environmental impact assessment, we extend this process by bringing holism, and the best available scientific information 2 , to addressing questions related to other obvious consequences of harvesting mesopelagic biomass. An example of these questions is: "At what rate can we sustainably harvest biomass from the entire marine environment?"-owing to the fact that harvesting mesopelagic biomass would add to harvests that are already being taken from the marine environment. We take advantage of the interconnected nature of reality to carry this process forward to examine the sustainability of other dimensions of being a species involved in harvesting mesopelagic biomass (e.g., energy consumption, CO 2 production, and other direct and indirect consequences of harvesting biomass). Rather than seeking to sustain the human population, we acknowledge the abnormality of our population and strive to avoid perpetuation of management that makes this and associated problems worse (e.g., extinction rates associated with the effects of overpopulation (Gaston, 2005) ).
Methods
In this paper, we drew upon the integrative (holistic, Fowler, 2009; Fowler et al., 2013) nature of information in naturally occurring patterns to assess the sustainability of harvesting resources from mesopelagic communities. The first question we addressed was "At what depths can we sustainably harvest marine resources?" A different way of expressing this question would be "At what depths can we harvest marine resources without engaging in abnormal participation in marine ecosystems?"
To address these questions, we used information that is consonant 3 with the questions, that is, normative information regarding the depths at which marine mammals harvest resources as empirical examples of what works 2 I.e., holistic information consonant 3 with the questions being addressed (Fowler 2003; Fowler et al., 2013) . 3 See Hobbs and Fowler (2008 ), Fowler (2009 ), Fowler et al. (2013 , and Fowler and Hobbs (2011) for details regarding the concept of consonance. Plate 1.-The spotted seal, Phoca largh, is a species that represents mammals of roughly human body size to serve as an example of ecological sustainability for humans to mimic (Photo: Dave Withrow, NOAA).
sustainably for mammals 4 -such species have been parts of natural systems for thousands of years and represent empirical examples of sustainability. The information we used was obtained by searching published literature regarding studies of the depths to which marine mammals dive in their foraging behavior. A list of such species was developed, accompanied by data regarding measures of the depths of their dives. Marine mammals are known for their sexual dimorphism; when depths were reported for both males and females of a particular species we used the mean to characterize the species. We recorded data, as available, for both the maximum depths to which dives were recorded as well as the mean depths associated with individual species.
Macroecological patterns often involve metrics that are related to body size (Peters, 1983 5 ). In view of the possibility that such patterns include the depth to which mammals dive, it is important to account for body 4 We are mammals and using such information directly accounts for this taxonomic category for our species as one element of achieving consonance directly. 5 See also Roth (2014) and references therein. mass directly in any patterns involving the depths at which resources are consumed/harvested. We humans, as a species, have a characteristic body size and this can be accounted for directly, in parallel to accounting directly for taxonomic category through comparing ourselves to mammals in regard to the depths at which we extract biomass. Thus, we also searched the literature, and online resources, for data regarding adult body size for the species of marine mammals represented by estimates of their respective depth of dives. As with data for depth, we used the mean of measurements for males and females to characterize adult body mass for individual species. To achieve consonance regarding size, we assumed that species in the range of one-half to twice the adult body mass of humans were approximately of human size; comparing ourselves (as a species) to large whales, for example, would not be a fair comparison. The refined management question (Hobbs and Fowler, 2008) becomes "At what depths can we, as a mammalian species with our characteristic body size, harvest marine resources without engaging in abnormal participation in marine ecosystems?" Our treatment of measurements of other species-level characteristics that involve the consequences of harvesting mesopelagic biomass was based on previously published materials that reveal patterns consonant with the respective management questions. Figure 1 illustrates the relationship between maximum depth of dives and body size for 51 species of marine mammals (Appendix Table A1 .1 contains the results of our compilation of data for depth of dives, and Appendix Table A2 .1 contains data for body size). The mean of maximum diving depths is 442 m. The vertical dashes represent body sizes equivalent to half and double the mean adult body size assumed for humans (68 kg). Species characterized by body mass within this range are species with which we can compare our species and avoid the lack of consonance involved in comparing ourselves to species outside of this range. Figure 2 depicts the frequency distribution of maximum diving depths for the 14 species represented in Figure 1 as species that have adult body sizes that are between half and twice that for humans (i.e., within the range that we have defined to be approximately of human body size). We note that the bulk of the biomass shown in this echogram is below the mean of maximum diving depths for marine mammals (235 m). Harvesting this biomass would be a matter of participating in ecosystems like this in ways that would result in measurable abnormality for mammals of our body size and should be avoided. Table A1 .1), in relation to mean adult body size (Appendix Table A2 .1). ure 1, the upper and lower bounds of mean adult body mass similar to that of humans are identified by the vertical dashed lines. The average mean depth of dives for species (N = 12) of roughly human body mass is 87 m. Figure 5 , otherwise similar to Figure  3 , compares the frequency distribution of mean diving depths for mammalian species of roughly human body mass to the depths of biomass observed in the mesopelagic community. Here the abnormality of harvesting at such depths is more obvious as nearly all of the observed mesopelagic biomass is below the 87 m average mean depth of dives for the marine mammals with body sizes similar to ours. This, by itself, is evidence that harvesting mesopelagic biomass is to be avoided; it would be abnormal to harvest at such depths.
Results
The depth at which harvests are taken involves only one dimension of harvesting marine resources and was the only issue addressed directly, specifically with the results presented above. Another factor of concern is that of the harvesting itself. We must deal with sustainability in the total biomass we humans harvest from the marine environment. This brings us to more management questions. One of primary and obvious relevance is "At what rate can humans sustainably harvest biomass from the marine environment?" (or "At what rate can we harvest marine resources to participate normally in the marine environment?"). Each can be refined to account for factors such as body size. Such questions are important because any harvest of mesopelagic biomass would add to the total of existing harvests of marine biomass by humans. Figure 6 shows the abnormality of harvests of marine biomass by humans in the late 1900s in comparison to that of 15 other species of mammals with body mass roughly similar to that of humans. In this graph, there are three components. The pie chart in part A is an illustration of the diversity of rates at which marine mammals of our body size are estimated to have consumed biomass from the world's oceans. The area of this chart is equivalent to that of the section of the chart in part B that represents the nonhuman species (with colors identical to those in part A); the total area of both charts is proportional to the total take in each case, with humans making up the red component of the larger chart. In part C, the abnormality apparent in part B is revealed in a histogram (with log transformation of the data used in the pie charts) revealing the harvest by humans to be an outlier. The harvest by humans was over 61-fold larger than the mean among the other species. Clearly, the biodiversity of this consumer/resource system is compromised by the dominance of humans. Maximizing the biodiversity of this system (following procedures described by Fowler (2008) ) would have required reducing the harvest by more than 97%. Assuming that an abnormality of this magnitude is observed currently, adding a harvest of biomass from the mesopelagic resources identified by St. John et al. (2016) would obviously accentuate the inherent and related problem(s) and is, by itself, also basis for rejecting any proposal to harvest more mesopelagic biomass.
Marine protected areas are another facet of management in harvesting from the marine environment. Harvesting mesopelagic biomass would do nothing to reduce the area of the Earth's oceans that are subjected to harvests (one direct anthropogenic impact); it would likely result in an increase. This gives rise to the management question: "What portion of the marine environment should be areas in which harvesting is prohibited?" Plate 2.-The gray whale, Eschrichtius robustus, is a species that represents mammals but with a body size too large to be considered similar to humans; as a species, it does not necessarily serve well as an example of ecological sustainability for humans to mimic (Photo: C. W. Fowler).
For our purposes "What portion of the marine environment should be designated as areas in which fishing is not allowed so as to participate normally (sustainably) in oceanic systems in regard to marine protected areas?" Figure 7 shows the results of addressing this question with empirical data. We used data for estimated geographic range sizes for 102 species of marine mammals (as published by ; see Appendix 3, Table A3 .1). The mean percent of the world's oceans left unoccupied by the 40 species of roughly human body mass (again bounded by the two ver-mans or domestic species), delivery of resulting products to stores and homes, as well as the manufacture, maintenance, and disposal of the equipment involved. At what rate can the human species sustainably consume energy? How much energy can humans consume without being abnormal in our participation in the biosphere? Figure 8 shows the pattern in global energy consumption by 64 species of mammals of roughly human body size (including humans). As in Figure 6 , the area of the tiny pie chart at the top left (representing 63 nonhuman species) is the same as the miniscule wedge in the chart that includes humans. This chart is enlarged on the right so that the diversity in rates of consumption among the nonhuman species can be seen. Both the pie chart including humans and the histogram of log transformed data below illustrate the abnormality that would be accentuated by the additional energy consumption associated with taking and using biomass from the mesopelagic community. The consumption of energy by humans is already over 20,000 times greater than the mean rate of consumption by other species of roughly human body mass (Fowler, 2008) . Harvesting mesopelagic biomass would escalate this abnormality; additional harvests from the marine environment of any kind are ill-advised.
Energy consumption, of course, often involves burning fossil fuels with emissions that include carbon dioxide. Comparison of CO 2 production by humans to that of other species (Fowler and Oppenheimer, 2017) results in observing abnormality very similar to that for total energy consumption (Fig. 8) . As with all of the abnormalities treated above, removing biomass from mesopelagic communities would amplify the abnormality of anthropogenic CO 2 production and all of its consequences (including ocean acidification)-already orders of magnitude larger than normal for mammalian species of our body size (Fowler, 2008) . Alone, but especially in combination with other abnormalities, accentuated atypical CO 2 production Figure 6 .-Comparison of the total annual harvests of biomass from the marine environment by humans for the late 1900s compared to the pattern in consumption by 15 species of marine mammals similar in size to humans, based on data used by Fowler and McCluskey (2011). tical dashed lines) is 98.7%, based on logit transformed data. Humans are undoubtedly already harvesting from more than 1.3% of the marine environment (see Appendix 3)
6 . Adding any additional area needed to harvest mesopelagic biomass would again accentuate an extreme human abnormal-ity and be grounds for concluding that we should not harvest these resources.
Another consequence 7 of harvesting mesopelagic biomass would be the consumption of energy. This would include energy needed to conduct the harvest, transport catches, process for consumption (either directly by hu-Plate 3.-The howler monkey, Alouatta palliata, is a species that represents mammals but with a body size too small to be considered similar to humans; as a species, it does not necessarily serve well as an example of ecological sustainability for humans to mimic (Photo: C. W. Fowler). caused by harvesting mesopelagic biomass again leads to the conclusion that it is to be avoided.
Finally, St. John et al. (2016) reconize a connection between food consumption and the human population. Attempts to find resources to feed the human population require that we ask the question: "How large is a sustainable human population?" What human population would be of normal size in comparison to the populations of other mammals of our body size? Figure 9 displays the abnormality of our population; continuing to provide food to feed this population is another example of maintaining the status quo when it is not holistically sustainable. The human population is currently orders of magnitude larger than central tendencies among nonhuman species of mammals with body sizes similar to ours (Fowler, 2008 (Fowler, , 2009 , and providing more food would tend to induce further growth, ultimately magnifying this abnormality and its consequent problems. Maintaining abnormality in any of the ways we participate pathologically in nature is to be avoided; their consequences count among the problems observed globally. In particular, we conclude that the harvest of biomass from mesopelagic communities should be avoided.
Discussion
The results of our work involve only a very small sample of abnormalities in our species' participation in the natural world, particularly in the marine environment. Harvesting biomass from the mesopelagic community would bring about innumerable forms of additional influence on communities at depths that would be abnormal if done by any mammalian species of our body size. Thus, the depth that such harvesting would involve is, by itself, basis for rejecting any suggestion to harvest such biomass.
8 Owing to the interconnected nature of reality, however, the list of related unsustainable (abnormal) participatory modes of human existence extends well beyond depth (Fig. 5 ) to include total marine biomass consumption (Fig.  6) , portions of the Earth used for extracting resources (Appendix 3), global energy consumption (Fig. 8) , CO 2 production, and population size (Fig.  9 ). Harvesting mesopelagic biomass would almost certainly accentuate them all, including those beyond the scope of this paper and involving the innumerable components of all systems that would be impacted-directly, indirectly, now or later.
Even among known examples of abnormality, the sample above is small. The numerous ways in which we ex-hibit abnormality (pathological participation or lack of sustainability) are seen in measures that often involve several orders of magnitude (Fowler and Hobbs, 2003; Fowler, 2008 Fowler, , 2009 . Although fisheries management has resulted in confining abnormality in the rates of harvesting to about one or two orders of magnitude (Fig. 6, Fowler et al., 2013; Darimont et al., 2015) , harvesting mesopelagic biomass would clearly accentuate these problems. Beyond the simple issue of harvest rates, it is important to recognize that existing fisheries already contribute to the abnormality of things like energy consumption, carbon dioxide production, and overpopulation. In other words, the abnormal fishing observed in total takes from the marine environment (Fig. 6 ) is, without adding to it, already contributing to other forms of abnormality for our species-abnormality that would be magnified by harvesting mesopelagic biomass.
The full collection of abnormalities associated with human overpopulation is important to realize. The examples illustrated above are no more than a small sample; any management to maintain the status quo retains all of the impacts involved. Most of these impacts will probably remain unknown to science, but include things like the human impact on water supplies and ecosystems such as rivers and lakes, some of which have been completely destroyed already. Water consumption by humans counts among the examples of abnormality that are measured in orders of magnitude (Fowler, 2008) . The abnormality of our population size is expressed in many indirect effects, including extinction (e.g., McKee et al., 2013 ; even the risk of our own), global warming, ocean acidification, and pollution (all to the extent, and in the ways, that population is actually involved). Thus, arguments to the effect that we need to consider harvesting mesopelagic biomass to feed the human population is a matter of maintaining the status quo when what we observe is abnormal and, therefore, not sustainable-not for humans, not for other species, not for their ecosystems, and not for the biosphere. These are all systems with which we interact and, for sustainability (both for theirs and ours), require sustainable interactions, participation, and consequences.
When faced with options like those brought to our attention by St. John et al. (2016) , we have the challenge of assessing environmental impacts holistically. From the perspective of the holistic approach we have brought to bear in this paper, any action we consider (any management decision) needs of the kind St. John et al. (2016) presumably had in mind in their advice to "guarantee a sustainable exploitation of these resources" to achieve more holism in the assessment and understanding of mesopelagic communities. The perspective behind our work involves the understanding that each identifiable component of such harvests can be dealt with in a completely holistic manner (Fowler, 2003 (Fowler, , 2009 Fowler et al., 2013; Fowler et al., 2014) ; but we extend this to include larger management questions involving whether or not to take such a harvest at all. We hasten to emphasize, however, that a large part of the infinite set of management questions confronting our species remains beyond our grasp; only those management questions that we find it possible to ask can be addressed holistically (Hobbs and Fowler, 2008) . As such, we fully support St. John et al. (2016) in their advice to achieve holism in considering the potential of harvesting mesopelagic biomass. A great deal of holism is brought to the task in every way we can compare ourselves with other similar species (Hobbs and Fowler, 2008; Fowler, 2009; Fowler et al., 2013) and, through such comparisons, we find that human abnormality would be intensified in virtually all cases. The importance of avoiding ecologically pathological forms of impact on systems of which we are a part seems obvious. Otherwise, sustainability at all levels is compromised rather than achievedincluding all temporal, spatial, and hierarchical scales. We conclude that it would be a serious mistake to harvest mesopelagic biomass owing to the perpetuation and accentuation of ways in which humans participate abnormally in the natural world and the consequential abnormality among other species, ecosystems, and the biosphere.
Summary
This paper is not only an example of an environmental impact statement at the global level; it also provides another example of using information consonant with management ques- Figure 9 .-Human population in comparison to the pattern for population size among 63 species of mammals of roughly human body mass (see Fowler, 2008) .
to be treated consistently-consistency achieved by avoiding abnormality or ecologically pathological participation or interactions with the nonhuman. Cases of environmental impacts which would lead to prolonged or accentuated abnormality are cases for rejecting proposed management action. Holistically, this prevents factors such as human greed, anthropocentrism, genetic predisposition, economics, politics, opinions, emotions, and values from driving us further into trouble by perpetuating or accentuating problems of the kinds already faced in today's world. Norse et al. (2012) provide conventional arguments against fishing from the deep sea. Their approach is tions-the best scientific information for guidance as well as evaluation. One aspect of the holism of such information involves its being applicable to any management question we are capable of asking. Our evaluation of the potential for harvesting biomass from mesopelagic communities (characterized by St. John et al., 2016) involves just one small set of examples wherein the application of such information is possible. However such information is applied, it involves a form of holism that is impossible in conventional approaches to decision making. Holism is made possible by the naturally integrative form of information embodied in patterns among species with which we can appropriately compare humans. In all of the ways we make such tain or accentuate pathological existence in the natural world.
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comparisons, we find that harvesting mesopelagic biomass would aggravate anthropogenic abnormality. The list of abnormalities for this case begins with the depths at which harvests would be taken. The set of pathological influences goes beyond this to include the area of oceans subjected to harvesting, total global marine harvest rates, consumption of energy, production of carbon dioxide, and overpopulation. The higher-order consequences of these forms of pathological impact are to be avoided. They are not sustainable for any of the living systems involved. We conclude that the dream of harvesting mesopelagic biomass would be a disaster; it is imperative that we reverse (rather than extend) our tendency to either main- 
Depth of Dive Information for Marine Mammals
Appendix Table A1 .1 shows a list of marine mammal species (following nomenclature used by ) for which we found information regarding the depths to which these species have been observed to dive. As for data regarding body mass (Appendix 2), we used the mean of measures of diving depths for any species with data from multiple sources; this often involved combinations of data for both sexes. As can be seen, a large portion of our data was obtained from the second edition of the Encyclopedia of Marine Mammals (Perrin et al., 2009) . From this source, many sets of valuable data were found in the accounts for individual species by various specialists; however a significant portion of the data we used came from Stewart's (2009) account dealing directly with diving behavior.
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Aurioles-Gamboa, D., and J. in their treatment of conservation as related to range size (See Appendix 3). This set of species was selected based in the availability of data for adult body mass. The purpose of this appendix is to document these data and their sources along with the methods we used in deriving the values contained in this table (estimates that were used in both our consideration of diving depths (Appendix 1) and unoccupied portions of various areas of the Earth (Appendix 3)). As can be seen in this table, the bulk of the data for body mass involved information from Perrin et al. (2009), Fowler and Perez (1999) , Clauset (2013) , and a website maintained by NOAA's National Marine Fisheries Service (https:// www.fisheries.noaa.gov/find-species). Sources from Perrin et al. (2009) usually involved species-specific accounts authored by specialists familiar with the species listed.
Marine mammals are known for their sexual dimorphism. To the best of our ability, we used data that are reflective of the mean among males and females. When ranges were reported for either sex, we chose the midpoint.
When there were data from more than one source, we used the mean. In cases where we found data for body size from three or more sources, we removed estimates (13 cases) that resulted in a range larger than half of the original mean; in some cases the data rejected involved what appeared to be estimates that were too large, and in other cases measurements that appeared to be too small. For example, the estimate from Fowler and Perez (1999) for Sousa chinensis was 85 kg. This was rejected in light of two other estimates that were very similar to each other (265 from Perrin et al. (2009) and 257 from Clauset (2013)) and, for this species, Fowler and Perez (1999) was not included in the sources list.
In all cases, we are mindful of variance related to factors such as the definition of adult status, sample size, geographic variability, and human error. Also, information from the sources we have used can easily have been based on the same original research. Clearly, there are imperfections that need to be addressed in future research and we emphatically support continued efforts to supply reliable estimates of adult body mass for as many species as possible. Figure A3 .1 shows the data from Table A3 .1 regarding geographic range size in relationship to body size (for species common to both Tables A2.1 and A3.1). As can be seen, there is a tendency for geographic ranges of smaller species (roughly similar to humans) to be smaller, on average, than those of larger species (x\ = 21,840,963 vs. 87,643,257 km 2 , respectively). This, and the larger variance among smaller species, is similar to what is observed among other taxa, including terrestrial mammals (e.g., Brown and Maurer, 1989; Diniz-Filho and Tôrres, 2002) . Figure 7 (in the main text) is based on calculations of the portion of the Earth's oceans not occupied by the species of marine mammals for which estimated geographic range sizes. These unoccupied areas (areas outside the geographic range of each species) are areas wherein there is no consumption of resources (being mindful of the potential that resources from these areas may migrate, or be carried by currents, to areas within the geographic ranges of the species listed). The unoccupied areas are the equivalent of marine protected areas for each species and are thus informative as empirical examples of holistically sustainable marine protected area.
In the calculations behind the data of Table A3 .1, the total area of these oceans was assumed to be 361,900,000 km 2 and the area not occupied by each species was calculated by subtracting the geographic range size of each species. This was then divided by the total area to get the portion left free of the direct influence of consumption (data consonant with the management question involving sustainable portions of the full marine environment to set aside in protected status). Further information regarding the specifics of our methodology can be found in Fowler and Johnson (2015) . Figure A3.1.-Pattern in geographic range size, as related to body size, for 102 species of marine mammals listed in Table A3 .1 for which there are data for body mass (Table A1 .1). As in text Figure 1 , the dashed lines are the upper and lower bounds of species with body sizes roughly similar to that of humans. It is important to note that any area on the surface of the Earth can be taken as an ecosystem. As seen in Figure  A3 .2, the portion of ecosystems that would be set aside for sustainable protection increases with their size when using the means among species otherwise similar to humans as holistic guidance. As can be seen in Figure  A3 .3, the portion of the world's oceans used for fishing leaves much less than 93.8% in protected status (the arithmetic mean among species of approximately human body mass, compared to the mean of logit transformed data reported earlier) and additional harvesting to extract mesopelagic biomass would most likely accentuate this abnormality. The portion set aside in marine protected status as a matter of management is miniscule compared to the mean the areas left unoccupied by other species of mammals of our body size). Figure A3 .2.-Pattern in mean portion of marine environments left unoccupied by marine mammals, as related to the area being considered. The diamonds to the lower left represent data for 21 species treated by Fowler and Johnson (2015) , with the geographic range of each species within the eastern Bering Sea as a distinct ecosystem. The dot to the upper right is for the mean area outside the geographic ranges of the same 21 species expressed as a portion of the entire North Pacific. The square to the upper right represents the mean of unoccupied portions of entire marine environment for species of human body size from . The symbols at the lower right illustrate the area set aside in protected status by humans 
